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To all whom tt may concermn:
Be 1t known that I, GarpNer T. Voorugs,

a cltizen of the Umted States of Amemca 1Ie-
siding at Boston, in the county of Suffolk: and

bmte of Mq%%chusetﬁ have invented certain

new and useful lmpmvcmmtq in Multiple-Eif-
fect Compressors, of which the following is a
specification.

My invention relates to refrigerating appa-

ratus, particularly to compressors.

In many applications of refrigeration it is
often desirable to maintain in different refrig-
erators different temperatures of the volatile
1'e'ft*i%1m'1t-—-f0r' example, in a cold-storage

warchouse where brine, say, at 0” and 150
I* ahrenheit tempemtum 1s to be used, in a
plant making plate-ice and also can-ice or
where a hwh temperature 1s required for the
first freezing of the plate and a low tempera-
ture for the last freezing, also in cooling liv-
Ing-rooms, requiring blme of high tempera-

Lm* es In connwhmn with an ice or told storage

plant using lower temperatures. TFurther, in
an 1ce-cream-freezing plant a low Lemgu -
ture may bhe mmntmned to treeze the cream,
while higher temperatures are employed in
freezing ice and cooling storerooms. Like-
wise a cooling-water plant may require low
temperatures besides the higher temperature
for cooling the water. In ice-making if the
water bdme golng to the cans is cooled say,
from 80° to 39° Tahrenheit tmttv-fve per
cent. would be added to the capacity of the
compressor. The additional power required
could be furnished without the use of extra
steam by making the engine compound. The
above cases amd many others necessitate the
use of two or more different compressors, each
operating at a different back pressure, and
thercfore temperature.

Now the object of my invention is so to
modify existing forms of compressors that a
single compressor can do refrigeration at two
or more different back pressures, and I ac-
complish this object

by providing a com-

pressor with a eylinder having therein two or
more back-pressure inlets lmd]tno from re-

Irigerators

having diff

erent Len'lpm'.;mu es.

The principle of my 111\?‘01%1011 involves
Boyle’slaw. If in agiven case a vessel is full
of gasat twenty poundb absolute pressure and
aQ 11118 oas at forty pounds pressure is allowed
to enter the vessel, the original gas at twenty
pounds will be compressed to one-half its vol-
ume, haveits pressure doubled to for ty pounds,
and the remalining half of the space in the ves-
sel will be filled bv gas ab forty pounds pres-
sure. Similarly the pressure of the gas in the
vessel could be raised to sixty pmmd&., then to
uumy’* or any other higher [}I'LB‘%UIG,II $0 de-
sired. ~ |

In Lhe following diagrammatic drawings,

- Figure 1 18 a sectional view of the pletu'led

form of my invention as applied to compress-
ors. Kig. 21s a like view of a common sin-
gle-acting compressor having one-half the vol-
ume of the comprLbsor.shown in Kig. 1. Kigs.
3, 4, and 5 are indicator-diagrams showing th::
action of the compressors in Figs. 1 and 2 in
various ways. Fig. 61s a modified form of
single-acting compressor with my invention
apphui thereto. Ii ig.71s a double-acting com-
pressor having my mventlon applied thereto
Hig. 8 1s a SLLLlOH‘Il view of the valve (G and
its gears shown in Figs. 6 and 7, while Fig.
9 1s a diagrammatic view showing my com-
pressor in connection with a high-pressure-gas
recerver and several sources of low-pressure
a8,

In the drawings illustrating the ]}1‘1nc,1ple of
my invention and the best way now known to
me of embodyingthat principle a compressor-
cylinder A has a piston B, provided with a
piston-rod C, which is caused to reciprocate
by any well-known means. Said eylinder has
a suction-valve chamber D and a discharge-
valve chamber E. Anopening leading from

~the former into the cylinder is controlled by
suction-valve ¢, while an outlet from the cyl-

inder into the discharge- chwmbor I& 1s con-
trolled by a discharge-valve ¢ ¢, being a dis-
charge gas - outlet Ieadmo to a condenser.
("\Tot shown. ) Lm‘mecmm said suction-valve
chamber D with some refrigerator (also not
shown) is a suction gas-inlet &'. ¥ F* Fare
ports opening 1nto the cylinder A for auxil-
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2.

jary gas-inlets 7 77 #°, the ports ¥ I being

controlled by valves of the puppet type ¢°
and 7°.

The operation of my invention is as follows:
First, let us consider Fig. 1. Valves d°, ¢,
and d? are shut. valve ¢° is open, and the
compressor is like any ordinary single-acting
compressor, the pipe ¢’ conducting from a re-
frigerator to the cylinder a supply of ammo-
nia-gas at, say, twenty pounds absolute back
pressure and the piston'B moving from po-
sition B’ to B. Said gas at twenty pounds 1s
drawn into the eylinder through piped’, cham-
ber D, and suction-valve ¢. The pressure of
the gas in the cylinder as the piston B moves
inward is represented by line 1 2 on card &,
Fig. 3, the line V V representing a pertect
vacuum in the cylinder A. The piston at po-
sition B changes the direction of its motion
and returns toward B’, thereby increasing the
pressure of the gas until it reaches the con-
denser-pressure in the discharge-valve cham-
ber E, the change in pressure in the cylinder
being shown by line 23 on said card «. The
discharge-valve ¢is forced open, and the com-
pressed gas is discharged through valve e,
chamber E, and pipe ¢ to the condenser, the
line 3 4. card @, showing the pressure in the
eylinder during this discharge. The piston
now starts in the opposite direction, the pres-
sure falls, the valve ¢ immediately shutting
and the suction-valve ¢ again opening, the
fall of pressure being represented by the line
41 of card «. Second, let us consider Fig. 2.
This compressor is assumed to be connected
at ¢ with the same condenser as 1s the first
compressor just described and shown in Kig.
1: but its suction gas-inlet ¢’ communicates
with a refrigerator supplying ammonia-gas,
say, at forty pounds absolute pressure. Fur-
ther, be 1t remembered that this second com-
pressor has one-half the capacity of the first
compressor. Thissecond compressor has the
same mode of operation as the first, its indi-
cator-card being thaton card ¢, Fig. 4. Third,
returning to Fig. 1, let us close valves &~ d*
% and open valve %, ¢ connecting with gas
at twenty pounds pressure and ' connecting
with the same supply of gas at forty pounds
pressure, as was the second compressor in ¥ig.
9. and let ¢ communicate with the same con-
denser asdid the firstand the second compress-
ors. Start the piston,asatB’. (asattwenty
pound§ pressure will enter the cylinder A,
as already described, until the piston nearly
reaches position B before opening port F'.
Linel2ofindicator-card b, Fig.5, isdrawn and
indicates the casashaving a pressure of twenty
pounds. Asthe piston finishes its stroke the
port F' is uncovered and the gas under forty
pounds pressure from the refrigerator rushes
into the cylinder, compressing the gas already
therein attwenty pounds pressure to one-half
its volume and doubling its pressure to forty

pounds, the other half of the cylinder being |

‘at which the valve ¢ opens.

793,864

filled by the incoming gas under forty pounds
pressure, there resulting in one cylinder the

- same quantity of gas attorty pounds pressure

as that which was formerly in the first com-
pressor and second compressor at twenty
pounds and forty pounds, respectively. This
change in pressure is indicated by lie 2 6,

card . The piston now moves toward B', and

the gas in cylinder is compressed to the con-
denser-pressure and valve ¢ opens, the line
8 7 of card b showing the increase of pres-
sure and the point in the stroke of the piston
The compressed
oas at condenser - pressure 1S discharged
through said valve e, discharge-chamber E,
and discharge-outlet ¢ to the condenser. Line
7 3 4 of said card b indicates the pressure of
the gas in the cylinder during said discharge
into condenser. The moment the piston B
reaches its original starting position and be-
oins to repeat its cycle the discharge-valve
closes, a vacuum tends to form, and the pres-
sure falls, as shown by line 4 1 of said card b,
until twenty pounds pressure is reached, when
valve d opens under the twenty pounds gas-
nressure in chamber D.  The card 126 741
is formed, and from it we learn that when port
F’ was uncovered the gas at twenty pounds
was raised to a pressure of forty pounds, or
that the same action took place as it the pis-
ton were moved from B to B’ and the cylin-
der full of gas at twenty pounds were com-
pressed to one-half its volume and had twice
its pressure—viz., forty pounds—tor point 9
is midway between points 5 and 6, the be-
oinning and end of each stroke of the piston,
and being on a line indicating forty pounds
pressure. That there is twice the amount of
oas at forty pounds that there was in the case
where only gas at twenty pounds was used 1s

| made plain by the line 4 3 7, which 1s twice

as long as 4 8. Evidently by combining the
port ¥’ with the piston B the new multiple-
effect compressor can do as much work as was
originally done by the combined first com-
pressor in Fig. 1 and the second compressor
in Fig. 2. The work expended in the first
compressor is proportional to the M. E. P.
and the area of the piston, and in the second
compressor the work is likewise proportional
to its M. E. P. and the area of the piston; but
said area is one-half that of the piston of the
first compressor. The work expended 1n the
multiple-effect compressorisalso proportional
to the M. E. P. and the area of its piston.
Assuming the condenser-pressurein all above
cases is one hundred and seventy pounds ab-
solute, then the M. K. P. in the frst com-
pressor is fifty-five pounds and the M. E. P.
in the second compressor issixty-eight pounds.
By solving the proportion it appears that the
theoretical power to operate the double-effect
compressor-cylinder issomewhatless than that
of the combined theoretical power required in
the first compressor and the second compres-

75

30

QO

95

100

105

110

115

120

125

130




- ]

10O

15

20

25

- COMPressor

30

35

4.0

45

55

60

05

793,864

sor. 1n actual practice the entire friction of
the second compressor 1n Fig. 2 when running
under no load would be saved, so the double-
effect compressor would require less power (as
appears from an investigation of a number of
theoretical cases) than the combined power
needed to operate the first and second com-
pressors which the multiple-cffect compressor
takes the place of —that 1g, less energy is re-
quired by the 1'1‘11;1113ip1u-{3ﬂ"ect compressor to
furnish to the condenser given quantities of gas
at twenty pounds and forty pounds back pres-
sure than 1f, as heretofore, two separate com-
pressors were used.  The power required for
the compressor without a load 1n Fig. 2 1s
saved, and if there is no second compressor
there is saving of space, attendance, oil, and
cost of extra compr eSS It is evident from
igs. 1 and 3 that it 7 supplies gas at imw
pc}undsmeesm e, ¥~ at sixty pound& and j at
elghty pounds, diagram1 56789 1011 3 4 1,
Hig. 3, will be formed—1in fine, that qmmhtm&
of gasatdifferent back pressures may be com-
pr essed by a single compressor instead of two
or more and dehvued for example, to a con-
clenser.

In Fig. 6 T have shown a modification. It
1S pmcumlly the same as the multiple-effect
of Kig. 1, except that 1t has a
positively-driven valve (z in place of port K
and piston B. Said valve operates 1n a case
o' and has a depression ¢/, which by a rotary
motion imparted by main shaft H of com-
pressor to the valve (x by gearing 7/ A', shatt
A°, gearing ' /°, causes inlets f and f" 10
open and close when desired.

Fig. 7 embodies the modification of Fig. 6
in a double-acting compressor, the valve
having two aepressions ¢ ¢ controlling the
Incoming gas. |

in Fig. 9, showing a diagrammatic view of
my multiple-effect compressor in connection
with a high-pressure-gas receiver and several
sources of low-pressure gas, A 1s said coni-
pressor. lLeading from the discharge-cham-
her of said compressor to a high-pressure-
gas recelver X 1s condult ¢, while conduit ¢
sads from said high-pressure-gas receiver X
to the sources of 10w-pl essure gas, asy vy’ i,
sald conduit ¢ being controlled by reducing-
valves ¢ ¢ ¢ ¢". These sources of low-pres-
sure gas v o 0 ¥ communicate with the
compression -cylinder of the compressor A
through conduits ', 7%, /%, and ', respec-
tively. In operation the:* compressor A takes
k}w -pressure gas ser vt from mh*wu ators
TR TR Td thwm}h the conduits f FEAF

compresses and dlschawges it into the high-
pressure-gas recelver 2% 1n the manner already
particularly deseribed. Thecompressed Huid
then flows from the high-pressure-gas re-
ceiver X through the, conduit ¢ and passes
the reducing- mlves t‘f’ ¢ {:’ o to the sources of
low- -pressure gas vy vy y'. Theeyele of op-
eraflons 1s thus completed.

Tt will be plain that the objects of this inven-
tion may boe accomnhshed ywy other modiiica-
tions without departing from the spirit of my
invention. Yor mm;]}l there mayv be any
desired variations in ‘%l()t‘:; ports, and valves:
further, the suction or dischar oe valves may
De po&,mi ely driven, or they may be of the
puppet type here Imlm:m}d,, and the valve (&
may be replaced by a valveofl any L[mueclcc)n-
struction and may be in any part of the cyl-
inder or its heads and may operate to admit
and cut off the 0.8~ c,uppl'f at any desired point
or points of the piston’s stroke. In fine, by
my invention I make a great saving in the
cost of machines, fuel, time, power, oil, labor,
space, and the hLL and 1 employ a compressor
that operates with two or more back pressures
in the same cylinder.

What 1 claim 15—

1. In a gas-compressor, the combination of
a cylinder; a piston fitting in said eylinder;
means to reciprocatbe said piston in said cylin-
der; asuction-port opening intosaid cylinder:
a valve o overning the same; a discharg ge-port
opening “into sald eylinder; a valve governing
the same:; a conduit leading from a source of
low-pressure gas to saidsuction- -portandvalve;
a conduit leading away from said discharge-
portand valve to a high-pressure-gas receiver:
an additional suction-port opening into said
cylinder; an additional suction-valve govern-
ing the same; aconduilt leading from a source
of higher-pressure gas to said additional suc-
tlon-port and valve, sald source being
rior to sald compressor; all so arranged
governed that during operation, a body of gas
from the low-pressure source is admitted to
the cylinder; then a body of higher-pressure
oas from the higher-pressure source is admit-
ted to the cylmdem and mixes with the low-
pressure gas and partially compresses it: then
the mixed and 1)..-;11*L1.;111y—0(}111p1 essed bod v ol
oas 1n the cylinder is further (301111.:}1{5858(1 by
the piston, and 1s discharged to the high-pres-
Sure-gas receiver.

2. In a gas-compressor, the combination of
a cylinder: a piston fittine in said cylinder:
means to reciprocate sald piston in said cylin-
der; asuction- port, opening into said cylinder;
v 11% governing the same; a dlschmwe-pmt
opening “into said c;gflindcra a valve governing
the same; a conduit leading from a source of
low-pressure gasto said suction-portand valve;
a conduit leading away from said discharge-
portand valve toa high-pressure-gas receiver:
additional suetion-ports opening into said cyl-
inder; additional suction-valves governing the
same; additional conduits 1%.:1(11110 to saild ports
from additional sources of gas at different

and

pressures and at higher pressures than that of
the low-pressure source of gas said additional
sources belng exterior to said compressor; all
so arranged and governed that during op-
eration, a body of gas from the low-pressure
source 1s admitted to the cylinder: then a body
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source is admitted seriatzin to the cylinder,
and mixes with the gas in the cylinder, and
partially compresses it; then the mixed and
nartially-compressed body of gas in the cyl-
inder is further compressed by the piston,
and is discharged to the high-pressure-gas re-
celver.

3. In a gas-compressor, the combination of
a c¢ylinder: a piston fitting in said cylinder;
means to reciprocate said piston in said cylin-
der: asuction-portopening into said cylinder;
a valve governing the same; a discharge-port
opening intosaid eylinder; a valvegoverning
the same: a conduit leading froma low-pres-
sure refrigerator to said suction - port and
valve: a conduit leading away from said dis-
charge-port and valve to a condenser; an acdi-
tional suction-port opening into said eylinder;
an additional suction-valve governing the
same; a conduit leading from a higher-pres-
sure refrigerator to said additional suction-
port and valve; all so arranged and governed
that during operation, a body of gas from the
low-pressure refrigerator is admitted to the
cylinder; then a body of higher-pressure gas
from the higher-pressure refrigerator is ad-
mitted to the cylinder, and mixes with the
low-pressure gas, and partially compresses 1t;
then the mixed and partially-compressed body
of gas in the cylinder is further compressed
by the piston, and is discharged to a con-
censer. »

703,864

4. In a gas-compressor, the combination of
a cylinder; a piston fitting in said cylinder;
means to reciprocate said piston in sald ¢ylin-
der: asuction-port, openingintosaid cylinder;
a valve governing the same; a discharge-port
opening into said cylinder; a valve govern-
ing the same; a conduit leading from a low-
pressure refrigerator to said suction-port and
valve: a conduit leading away from said dis-
charge-port and valve to a condenser; addi-
tional suction-ports opening into sald cylin-
der:; additional suction-valves governing the
same; additional conduits, leading to said
norts from additional refrigerators at differ-
ent pressures and at higher pressures than
that of the low-pressure refrigerator; all so
arranged and governed that during operation,
a body of gas from the low-pressure refrig-
erator isadmitted to the cylinder; thena body
of oas from each higher-pressure additional
refrigerator is admitted seriatiin to the cyl-
inder, and mixes with the gas in the cylinder,
and partially compresses it; then the mixed
and partially-compressed body of gas in the
cylinder is further compressed by the piston,
and is discharged to a condenser.

Intestimony whereot I affix my signaturein
presence of two witnesses.

GARDNER T. VOORHELES.

Witnesses:
JoserH O. WRIGHT,
Marit O. NUGERER.
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